We report the first experimental demonstration of quantum illumination's signal-to-noise ratio advantage over classical (laser-light) illumination for target detection in a lossy, noisy scenario. Entangled light beams are a fundamental quantum-mechanical resource, with applications to Heisenberg-limited precision measurements [1], teleportation [2] , and quantum cryptography [3] . However, loss and noise quickly destroy optical entanglement, limiting many of its uses to low-noise environments. Quantum illumination [4] is different: it is predicted to offer a significant performance improvement-in comparison with classical (laser-light) illumination of the same average power-precisely when the propagation environment is lossy and noisy, i.e., entanglement breaking.
a 1638 nm broadband diode laser is combined with the phase-modulated signal on a 50-50 beam splitter. A prism mounted on a translation stage adjusts the signal path length. The signal, idler, and pump beams are recombined with dichroic mirrors and focused into a second PPLN crystal that forms the low-gain OPA. The OPA's idler-port output is isolated with dichroic mirrors and detected by an InGaAs avalanche photodiode in conjunction with a low-noise transimpedance amplifier. The absence (presence) of a target is simulated by blocking (opening) the signal path.
Our CI source is a 1558 nm narrowband diode laser, whose output is split with 90% used for the homodyne-detection local oscillator (LO) and 10% as the target-probing signal. A variable attenuator is used to match the target-present classical signal power at its homodyne receiver's input to the corresponding target-present QI signal power at its OPA receiver's input. The classical signal is then sent through a square-wave phase modulator and combined-on a 50-50 beam splitter-with amplified spontaneous emission (ASE) noise from an erbium-doped fiber amplifier (EDFA). This ASE has been filtered to 1558 ± 0.35 nm so that its average photon number per mode at the input to the CI receiver's homodyne detector matches the corresponding per-mode noise entering the QI receiver's OPA. The return signal (containing the added noise) is combined with the local oscillator on a 50-50 beam splitter and balanced homodyne detection is performed.
The Fig. 1(b) points are QI SNR measurements versus the small-signal gain (G − 1) of the OPA for three values of the average background photon number per mode, N B , with κ = 0.05. The measured QI SNRs match the expected dependence on N B when the detector noise is included (dashed lines) and signal brightness N S is used as a fitting parameter. The thick solid lines are the expected QI SNR when the InGaAs APD's noise is removed, increasing the SNR by ∼1.5 dB. In comparison, the thin solid lines are the measured CI SNRs for the same background noise levels as in the QI measurements, showing that out QI receiver would achieve higher-than-classical SNR if its detector noise could be overcome. (Note that the CI receiver uses PIN diodes with the same quantum-efficiency (η = 0.83) as the QI APD and has sufficient LO power to approach shot-noise limited operation). 
